INTRODUCTION
Plant breeding consists in the fundamental base for the provision of food and raw material to society, being a major driving force for science-based enhancements in crops (Bhat et al. 2016) . Currently, many aspects are arising from advances in science, technology and more profound statistical studies that enable conventional breeding to be more accurate, rapid, and precise.
In order to successfully obtain genetic gains, it is essential to choose models and strategies for the species, the goals of the breeding program, the experimental designs, and the population structure. Once these aspects are correctly defined, it is possible to increase selective accuracy and thus more rapidly achieve the planned objective (Lynch and Walsh 1998) . Therefore, development of computational tools that support breeders and researchers in the decision-making processes throughout a breeding program is of great interest.
In this study, we present Be-Breeder, a Shiny application for interactive analysis considering phenotypic data and mixed models under multiple experimental conditions. This tool provides a user-friendly interface to aid researchers and breeders in essential steps regarding the achievement of the final goal of a breeding program with a high degree of interconnectivity of academic plant research and plant breeding accurately.
DESCRIPTION
Phenotypic Breeding section of Be-Breeder was constructed using the Shiny R package (Chang et al. 2015) in R language, HTML, CSS, JavaScript, PHP, and C#. The scripts in R language (S4) were developed and adapted to be easily implemented in the Be-Breeder web-based application, where users can quickly obtain information on their breeding populations based on phenotypic data.
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Be-Breeder is freely available at http://www.genetica.esalq.usp.br/alogamas/R.html.
The application has an intuitive approach. Regardless of the type of analysis, users can always input data in .txt or .csv format under different types of settings concerning heading, column separation, and quotes to correctly fit their structure. All the outputs can be exported in a .txt format according to the needs of the user. To do so, one simply types the desired name of the file and then click on the option Download. For each analysis, there is also a Help checkbox option with explanations on data entry and details regarding the statistical procedures.
FEATURES

Experimental design analysis
On the topic Statistical Model from Experimental Design Analysis tab, the dataset is analyzed using mixed models by the lme4 package in R (Bates et al. 2014 ). This package requires at least one random effect parameter to estimate fixed effects and predict the random effects. For illustration, a mixed linear model can be written as y = Xϐ + Zυ + ε, where y is a vector of phenotypic values, ϐ is the fixed effects vector, υ is the random effects vector, and ε is the experimental error. X and Z are the incidence matrices for the vectors ϐ and υ. Analyses are performed using mixed model equations of Restricted Maximum Likelihood / Best Linear Unbiased Predictor (REML/BLUP) method, in which the variance-covariance matrix of genotype effect is an identity matrix since they are considered as non-related (Resende 2002 ).
The user must define the effect of each factor in the model as fixed or random. Fixed effects should be declared using the name of their respective columns in the dataset. Random effects must be declared between parentheses, with "1" followed by the name of the effect, separated by a vertical bar. For example, considering an experiment with two factors, in which factor A is declared as fixed and factor B as random, the model should be typed as y ~ A + (1|B). Interaction between factors are declared with their names separated by a colon, i.e. (1|A: B) , and the nature of its effect should be typed as described for individual factors.
In this section, it is also possible to obtain outputs such as the overall phenotypic mean, estimation of fixed effects, prediction of random effects, test of statistical significance for both of them, and predicted means for each genotype and trait. These latter are displayed taking into account the Selection Intensity (scrollbar) set by the user, being possible to simulate different values to visualize the selected individuals and then choose the best fit for their conditions. A distinctive feature of this section is the flexibility to define a statistical model by the experimental conditions from users. For more detailed descriptions and options, we recommend checking the Help option.
Selection index
In this tab from the Phenotypic Breeding section, it is possible to perform the selection of genotypes using additive selection index (SI), which combine several quantitative traits simultaneously. The general model for SI considering n traits is SI = X 1 b 1 + X 2 b 2 + ... + X n b n , where SI is the value of the index, X i is the mean of trait i, and b i is the weight attributed to each trait i. There is no restriction regarding the number of traits considered.
User's dataset must contain the genotype identification in the first column, named Genotype, followed by the information of traits, each one in a different column. The weights for each trait and their respective definition of favorable (+) or unfavorable (-) effect must be written appropriately in the Index Analysis window, according to the order the traits are mentioned in the data file. The value zero should be attributed as the weight to a trait for removing its effect from the index.
Here, we recommend the use of predicted means or BLUP values, which can be obtained from the topic Statistical Model from Experimental Design Analysis tab, as previously described. As output, genotypes are sorted by the index value, from highest to lowest. It is also possible to simulate different levels of selection intensity and verify their effect on the outcome.
Path analysis
Following the workflow, there is the Path Analysis tab, where one can carry out path analysis among traits (Wright 
